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Abstract.

Five new species of gastropods were found at three localities in pebbly mudstones in the

transition zone of interbedded volcanic and sedimentary rocks between the upper part of the Crescent
Formation and the overlying lower part of the McIntosh Formation, Lewis County, southwestern
Washington. The depositional environment is interpreted to have been on the flank of an oceanic volcanic
island in outer shelf to upper slope (bathyal) muds subject to the influx of shells of nearshore and
shallow-marine megainvertebrates and pebbly basalt debris. Associated calcareous nannofossils and
megafossils indicate assignment to the middle Eocene.

The fissurellid Emarginula dotyhillsensis is the second Eocene species of this genus to be found on
the Pacific coast of North America. The turbinid Liotia washingtoniana is the earliest record of this
genus and only the second Eocene species to be found on the Pacific coast of North America. The trochid
Cidarina antiqua is the first Paleogene species and the earliest record of this genus, whose previous
geologic range was early Pleistocene to Recent. The trochid Solariella (Solariella) garrardensis is the
third species of this genus to be found in Eocene rocks of Washington. The muricid Pterynotus (Pterynotus)
washingtonicus is the second Eocene report of Pterynotus s.s. from the Pacific coast of North America.

INTRODUCTION

In the northern Doty Hills area, Lewis County, south-
western Washington (Figure 1), the junior author discov-
ered abundant and well-preserved megafossils in Eocene
rocks previously considered to be nearly barren of mega-
fossils. Five new species of gastropods were found, and the
objectives of this paper are to name and describe them and
provide new information as to their stratigraphic position,
geologic age, and general depositional environment.

The molluscan stages used in this report stem from
Clark & Vokes (1936), who proposed five mollusk-based
provincial Eocene stages, namely, “Meganos” (lowermost

Eocene), “Capay” (middle lower Eocene), “Domengine”
(upper lower to lower middle Eocene), “Transition” (low-
er middle Eocene), and “Tejon” (middle middle Eocene
to upper Eocene). The subseries equivalencies (shown in
parentheses) of these stages are derived from Bartow (1992).
The stage names are in quotes because they are informal
terms and generally the same as formation names. Givens
(1974) modified the use of the “Capay Stage,” and it is in
this modified sense that the “Capay Stage” is used herein.
The calcareous nannofossil biozones follow that used by
Okada & Bukry (1980). The classification system used for
the turbinid and trochid gastropods follows that of Hick-
man & McLean (1990). Abbreviations used for catalog
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and/or locality numbers are: CSUN, California State Uni-
versity, Northridge; LACMIP, Natural History Museum
of Los Angeles County, Invertebrate Paleontology Section.

STRATIGRAPHY aNnD MEGAFAUNA

On the geologic map of Pease & Hoover (1957), the study
area localities plot in the lower member of the McIntosh
Formation. Pease & Hoover (1957) were the first to rec-
ognize lower and upper members of this formation and
reported that the lower member consists of a sequence of
interbedded sedimentary and volcanic rocks usually tran-
sitional with the underlying Crescent (?) Formation. In a
sense, Pease & Hoover (1957) emended the definition of
the McIntosh Formation, which originally referred (Snavely
et al., 1951) to chiefly dark gray, well-indurated tuffaceous
marine siltstone and claystone interbedded with basaltic
and arkosic sandstone in the lower part, and massive ar-
kosic sandstone interbedded with andesite flows in the
upper part. The type section of the McIntosh Formation
is near Tenino, Washington, approximately 40 km north-
east of the study area. According to early workers, inver-
tebrate megafossils are rare in the McIntosh Formation
and too poorly preserved for detailed study (Snavely et al.,
1951; Pease & Hoover, 1957; Snavely et al., 1958). The
only reference to a particular type of invertebrate mega-
fossil was the report of unidentified “mud pectens” from
the upper part of the McIntosh Formation (Pease & Hoo-
ver, 1957). The McIntosh Formation is gradationally over-
lain by or locally interbedded with the Northcraft and
Skookumchuck Formations, and the latter formation is
correlative to the upper middle Eocene (Armentrout et al.,
1983).

The study area lithologies of thin lenses and pods of
greenish pebbly mudstone, thin fossiliferous beds, muddy
siltstone, and muddy sandstone, all interbedded with black
basalt flows, are very similar to some lithologies in the
upper Crescent Formation at the following locales: type
section of the Crescent Formation west of Crescent Bay
on the northern shore of the Olympic Peninsula (Arnold,
1906); Pulali Point on the east side of the Olympic Pen-
insula (Squires et al., 1992); and Little River area in the
Satsop River drainage (Rau, 1966; Squires & Goedert,
1994a) (Figure 1). Because of these lithologic similarities,
we believe that the upper Crescent Formation crops out
in the study area and the use of a “question mark” by
Pease & Hoover (1957) with the Crescent Formation in
the northern Doty Hills is unnecessary. We believe also,
pending detailed stratigraphic fieldwork, that the study
area localities should be assigned to the transition zone of
interbedded volcanic and sedimentary rocks present be-
tween the upper Crescent Formation and the overlying
lower member of the McIntosh Formation (as used in the
emended sense of Pease & Hoover, 1957).

The new species were found at three localities (CSUN
locs. 1567, 1569, 1570, listed in ascending stratigraphic
order) in a rock quarry where 17 m of section are exposed.

I

Crescent Bay

—48° @,o Port
7 Angeles
'0"(\4/ Pulali
A, Point
S, NP
< < Seattle

Little River

Area °® 0ot

(=3
0

Black g .
Hills @ Olympia

® Northern
Doty Hills

WASHINGTON

0 50 km

-

OREGON

1220~
|

Figure 1

Index map to the northern Doty Hills, southwestern Washington.

The basal part, a 1 m-thick interval of siltstone and sand-
stone, is overlain by a 10 m-thick basalt unit that is blocky
and fractured in the lower 7 m and brecciated in the upper
3 m. The lower contact of the 10-m thick basalt unit is
baked, and the upper contact is erosional. There appears
to have been paleo-relief in the area because the basalt
flow crops out stratigraphically higher, relative to the quarry
section, 100 m west of the quarry, and there is no evidence
of faulting.

Overlying the basalt unit are 6 m of sedimentary rocks
that include the three localities. The sedimentary strata in
this 6 m-thick interval consist of fossiliferous siltstone in-
terbedded with thin lenses and pods of pebbly mudstone,
coarse sandstone, and minor amounts of coquina. Locality
1567 is near the top of a 20 cm-thick, greenish brown,
poorly indurated pebbly mudstone bed that immediately
overlies the 10 m-thick basalt unit. The rock clasts in the
pebbly mudstone are subrounded and as large as 5 cm in
length. The amount of mud increases upward in this bed,
and locally there is laminated mudstone. Locality 1569 is
2 m stratigraphically above locality 1567 and consists of
hard, platy grayish brown siltstone with scattered fossils.
The siltstone locally encloses lenses of coquina, and they
show normal graded bedding. Locality 1570, approxi-
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mately 2 m upsection from locality 1569, is in a 2 m-thick
brown sandstone bed with scattered lenses of basalt peb-
bles. At these three localities, the taxonomic composition
of the macrofossils is similar (Table 1) and dominated by
gastropods (including some minute specimens less than 5
mm in longest dimension) and bivalves. In addition, there
can be megascopic benthic foraminifera (up to 2.8 mm in
longest dimension), siliceous sponges, solitary corals, bry-
ozoans, inarticulate and articulate brachiopods, polychaete
tubes, scaphopods, a nautiloid, “gooseneck” barnacle oper-
cula, crab chelipeds, isocrinid columnals, and shark teeth.
Fossils are abundant at all of the localities, and pres-
ervation of the fossils ranges from poor to good. The fossils
are loosely packed and poorly sorted (terms used in the
sense of Kidwell, 1991), except in the localized closely
packed coquina lenses. Shells are not encrusted and rarely
show any signs of boring. At all the localities, specimens
of bryozoans and polychaetes are fragments. Specimens of
the solitary coral Flabellum clarki Bentson are complete
and have retained their delicate basal areas. The Aphro-
callistes polytretos Rigby & Jenkins sponges are small frag-
ments, but the Eurete goederti Rigby & Jenkins sponges
are much larger fragments (up to 4 c¢m across). Brachio-
pods are usually unbroken single valves, but the bivalves
are usually broken single valves, except for the unbroken
Parvamussium stanfordense (Arnold), a small species. Some
of the scaphopods are nearly complete. Gastropods are
usually complete, especially Solariella (Solariella) garrar-
densis and Cantrainea hieroglyphica (Hickman). Many of
the gastropods have retained their delicate morphologic
features (e.g., protoconch, uppermost spire, sharp nodes,
thin ribs, winged varices, long siphonal canal). Some of
the “archaeogastropods’ (including two of the new species)
and some of the bivalves also have the mother-of-pearl
luster of their interior shell layers preserved. The nautiloid
has been crushed by sediment weight. The opercular plates
of the barnacle Aporolepas sp. are unbroken. Most of the
isocrinid columnals are disarticulated, although one spec-
imen consists of an articulated columnal 1 cm in length.

AGE

The Crescent Formation, which can be as much as 16 km
thick and is one of the thickest accumulations of volcanic
rock in the world, ranges in age from the late Paleocene
to the middle Eocene (Armentrout, 1987).

The McIntosh Formation transgresses time from middle
to late Eocene and becomes younger in age toward the
west from its type section east of the study area (Pease &
Hoover, 1957). Armentrout et al. (1983), however, re-
ported that the time transgressiveness of the Mclntosh
Formation encompasses only the middle Eocene. Just south
of the Doty Hills area, the lower part of the Mclntosh
Formation was assigned by Rau (1958) to the upper part
of Laiming’s (1940) benthic foraminiferal Zone A-2, which
is equivalent to the lower part of Mallory’s (1959) benthic
foraminiferal Narizian Stage. Almgren et al. (1988) re-
cently emended Laiming’s (1940) zones and correlated

most of Zone A-2 to the middle Eocene calcareous nan-
nofossil Zone CP13 Zone of Okada & Bukry (1980). Rel-
ative to molluscan stages, Zone CP13 corresponds to the
upper part of the “Domengine Stage,” the “Transition
Stage,” and the lower part of the “Tejon Stage” (Bartow,
1992).

A poorly preserved but moderately diverse assemblage
of calcareous nannofossils was found at CSUN locality
1567. Though classic zonal markers are absent, this sample
can be assigned (M. V. Filewicz, personal communication)
to the middle Eocene (Zones CP12 to CP14 of Okada &
Bukry, 1980) based on the range overlap of Chiasmolithus
solitus (Bramlette & Sullivan) and abundant large (>6
microns) Reticulofenestra spp., including R. samudorovi
(Hay, Mohler & Wade). Bukry & Snavely (1988) found
a very similar calcareous nannofossil assemblage in a sed-
imentary and volcanic sequence of middle Eocene age just
east of Dolph, northwestern Oregon. A microfossil sample
from CSUN loc. 1570 is barren of nannofossils except for
very rare Reticulofenestra spp. Unfortunately, the range of
Zones CP12 to CP14 is quite broad and encompasses the
“Domengine Stage,” “Transition Stage,” and part of the
“Tejon Stage.”

An analysis of the stage ranges of the identifiable species
of megafossils in the study rocks (Table 1) shows that the
megafossil data are not that conclusive and encompass the
“Domengine,” “Transition,” and the “Tejon Stages.” Al-
though a few species (the solitary coral Flabellum clarki
Bentson; the inarticulate brachiopod Craniscus edwilsoni
Squires & Goedert; and the gastropod Hapolcochlias montis
Squires & Goedert) indicate the “Capay Stage,” we do
not assign the study area rocks to this stage because the
fossil record of these species is incomplete. They are known
only from single formations, and the gastropod H. montis
is not commonly preserved because of its minute size. In
addition, the nannofossil data put a constraint on the age
of the study area rocks as younger than the “Capay Stage.”
Of all the other positively identified species listed in Table
1, only the gastropod Homalopoma umpquaensis domengi-
nensis Vokes does not have a geologic range that includes
the “Transition” and “Tejon” “Stages.” Its range is “Ca-
pay Stage” to “Domengine Stage,” but this species is also
relatively rare in the fossil record.

Although two species (the colonial coral Dendrophyllia
tejonensis Nomland and the gastropod Conus aegilops An-
derson & Hanna) seem to indicate the “Transition Stage,”
this is misleading because no molluscan species are known
to be restricted to the short “Transition Stage” (Givens &
Kennedy, 1979). The fossil record of these two species is
incomplete, and both are known only from a single for-
mation. Future work will undoubtedly show them to occur
in more than just the “Transition Stage.” Species listed in
Table 1 that are more widespread and that have a mod-
erately restrictive geologic age range are the gastropods
Patelloida tejonensis (Gabb), Pseudoperissolax blake: (Con-
rad), and the bivalve Brachidontes? (B.?) dichotomus (Gabb),
and they indicate the “Transition” to “Tejon” “Stages.”
Four other species listed in Table 1 (the articulate bra-
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chiopod Terebratulina washingtoniana (Weaver), and the
gastropods Cantrainea hieroglyphica (Hickman), Cyprae-
agemmula warnerae Effinger, and Hipponix arnoldi Dick-
erson, indicate the “Tejon Stage,” but the reported stage
ranges of these species are suspect because the species are
known only from a single formation. The same reasoning
holds for the sponge Eurete goederti Rigby & Jenkins listed
in Table 1.

In summary, the megafossil data are not useful in as-
signing the study area rocks to any one molluscan stage
with certainty. Based on Rau’s (1958) work on the age of
the formation, as well as on the constraint of the nannofossil
data at locality 1567, and considering that megafossils with
the best fossil record indicate the “Transition Stage” to
“Tejon Stage,” the latter of which is mostly of middle
Eocene age, we conclude that the study area rocks should
be generally assigned to the middle Eocene.

GENERAL DEPOSITIONAL ENVIRONMENT

Taken as a whole, the Crescent Formation accumulated
in a subsiding basin that was formed by rifting along the
continental margin of Washington and Oregon, and vol-
canic islands developed where extrusion exceeded the rate
of basin subsidence (Babcock et al., 1992, 1994). The upper
third of the formation ranges from a deep-to-shallow ma-
rine environment to one that is locally terrestrial. Where
extrusion of basalt flows caused shoaling of the marine
waters, interbedded marine sedimentary rocks locally con-
tain megafossils (Squires et al., 1992; Squires & Goedert,
1994a; Squires & Goedert, 1994b).

The lower part of the Mclntosh Formation includes
nearshore sequences of basaltic and arkosic sandstone that
grade toward the west into offshore deep-water siltstone
and claystone that make up the middle part of the for-
mation (Armentrout, 1987).

An analysis of the paleoenvironments that have been
previously reported for the identifiable species found in
the study area rocks (Table 1) shows that most of the
paleoenvironments are nearshore to shallow-subtidal and
contain rubble derived from closely adjacent rocky shores
usually made up of basalt flows. The paleoenvironments
for the siliceous sponges and the gastropods Cantrainea
hieroglyphica and Conus aegilops, however, are outer shelf
to upper slope (bathyal). The close association of a near-
shore paleoenvironment with an outer shelf paleoenviron-
ment for the study area rocks is compatible with the above-
mentioned depositional history of the upper part of the
Crescent Formation, as well as with the depositional his-
tory of the lower part of the McIntosh Formation.

In terms of lithologies, the Doty Hills study area rocks
are most similar to the upper Crescent Formation at Pulali
Point on the east side of the Olympic Peninsula, Wash-
ington, where muddy pebble conglomerates were deposited
in a shallow-subtidal environment next to basalt flows that
had caused shoaling of the marine waters (Squires et al.,
1992). The similarities are the following: muddy pebbly
bed immediately overlies a basalt flow, pebble clasts are

subrounded and consist of basalt, muddy pebbly bed grades
upward into thicker intervals of siltstone or mudstone, and
megafossil groups are dominated by gastropods and bi-
valves in association with bryozoans, brachiopods, sca-
phopods, and nautiloids.

In terms of taxonomic composition, the Doty Hills study
area rocks are most similar to the upper Crescent For-
mation in the Little River area on the south side of the
Olympic Peninsula, Washington, where a diverse assem-
blage of megainvertebrates lived on a hard substrate pro-
duced by the accumulation of bouldery rubble derived from
volcanic-island or pillow basalt in shallow-marine waters
(Squires & Goedert, 1994a). Species found in the Doty
Hills study area that are conspecific with those in the Little
River area are: Craniscus edwilsoni Squires & Goedert,
Rotularia (R.) tejonense (Arnold), Erginus vaderensis
(Dickerson), Brachidontes (B.) cowlitzensis Weaver &
Palmer, Spondylus carlosensis Anderson, and Nemocardium
linetum (Conrad). In addition, the barnacle Aporolepas sp.
is present at both sites.

The depositional environment of the sedimentary rocks
in the study area is interpreted to have been on the flank
of an oceanic volcanic island in outer shelf to upper slope
(bathyal) muds and silts subject to the influx, during storms,
of shells of nearshore and shallow-marine megainverte-
brates and pebbly basalt debris. On the flank of a volcanic
island, the distance of downslope transport would not have
been necessarily great to reach upper bathyal depths. There
was minimum duration of seafloor exposure because the
shells do not show evidence of borers, encrusters, or crush-
ers, which are normally associated with delayed burial
(Kidwell, 1991). Species indigenous to this outer shelf to
upper slope environment were the siliceous sponges and
the gastropods Cantrainea hieroglyphica and Conus aegilops.
A detailed paleoecologic/taphonomic study is needed to
determine which of the other species are indigenous or
exotic to the site of accumulation, but such a study is
beyond the scope of the present report.

SYSTEMATIC PALEONTOLOGY
Class Gastropoda Cuvier, 1797
Family FISSURELLIDAE Fleming, 1822
Subfamily EMARGINULINAE Gray, 1834
Genus Emarginula Lamarck, 1801

Type species: Emarginula conica Lamarck, 1801, by orig-
inal designation, Miocene to Recent, living in Finland and
coasts of Great Britain to the Adriatic Sea (Palmer, 1937).

Emarginula dotyhillsensis
Squires & Goedert, sp. nov.

(Figures 2-4)

Diagnosis: An Emarginula with apex near posterior mar-
gin, moderately long anal slit, 16 primary radial ribs with
two main rows of nodes (diverging and coarsening ante-
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riorly), and double or single row of punctations between
ribs.

Description: Shell small, sturdy, with nearly parallel sides.
Apex strongly curved posteriorly and directly above pos-
terior margin. Anterior slope convex and steep near an-
terior margin; posterior slope concave below the apex.
Apex smooth, nucleus turned under the succeeding part
of shell. Anal slit situated at anterior margin, narrow and
moderately deep, measuring 0.75 mm deep. Slit band co-
incident with raised area extending nearly to apex. Sculp-
ture of 16 strong primary radial ribs originating near apex.
Interspaces between primary radial ribs with double rows
of punctations on anterior and posterior slopes; single row
(less commonly, double rows) of punctations on lateral
slopes. Concentric sculpture consists of two raised ridges,
noded at intersections with the primary radial ribs on lower
part of shell; nodes diverge and coarsen anteriorly; a third
row nodes only near the slit band. Aperture ovate.

Dimensions of holotype: Length 3.4 mm, width 2.6 mm,
height 3 mm.

Holotype: LACMIP 12338.

Type locality: CSUN loc. 1570, latitude 46°45'52"N, lon-
gitude 123°19'00"W.

Discussion: Only a single specimen was found, but it is
complete and well-preserved. The new species is similar
to Emarginula fenestrata Deshayes (1864-1866:350, pl. 3,
figs. 37-41; Cossmann & Pissarro, 1910-1913:pl. 2, fig.
10-1;) from the middle Eocene (Lutetian Stage) of the
Paris Basin, France. The new species differs in the fol-
lowing features: no secondary radial ribs, concentric ribs
only on lower part of shell rather than covering the shell,
apex more posteriorly located, deeper anal slit, and pres-
ence of nodes on lower part of shell.

Emarginula dotyhillsensis is only the second Cenozoic
species of this genus to be reported from the Pacific coast
of North America. The other species is Emarginula wash-
ingtoniana Squires & Goedert, 1994b from “Capay Stage”

rocks in the upper Crescent Formation at Larch Mountain,
Black Hills, southwestern Washington (Squires & Goe-
dert, 1994b). Emarginula dotyhillsensis differs from E.
washingtoniana in the following features: no secondary ra-
dial ribs, apex more posteriorly located, presence of nodes
on lower part of shell, and presence of rows of punctations
between the primary radial ribs.

Etymology: The new species is named for the Doty Hills,
Washington.

Family TURBINIDAE Rafinesque, 1815
Subfamily LIOTIINAE Adams & Adams, 1854
Genus Liotia Gray, 1847

Type species: Delphinula cancellata Gray, 1828, by mono-
typy, Recent, northern Chile.

Liotia washingtoniana
Squires & Goedert, sp. nov.

(Figures 5-8)

Diagnosis: A species of Liotia with many closely spaced
axial ribs on body whorl.

Description: Minute shell, three whorls. Very low spire
but not flattened. Moderately strong cancellate sculpture,
body whorl tabulate with three equal spiral ribs between
shoulder and base of whorl, four additional ribs on base.
Approximately 21 closely spaced axial ribs on body whorl;
axial ribs extend from suture to narrow umbilicus. Ap-
erture round. Shell interior nacreous.

Dimensions of holotype: Height 1.5 mm, diameter 2.5
mm.

Holotype: LACMIP 12339.

Type locality: CSUN loc. 1567, latitude 46°45'52"N, lon-
gitude 123°19'00"W.

Explanation of Figures 2 to 18

All specimens coated with ammonium chloride; photographed by
the senior author. All specimens from CSUN loc. 1570, unless
otherwise noted.

Figures 2-4. Emarginula dotyhillsensis Squires & Goedert, sp.
nov., holotype LACMIP 12338. Figure 2: dorsal view, x12,
length 3.4 mm. Figure 3: left-lateral view, X 10, height 3 mm.
Figure 4: anterior view, x 11, width 2.6 mm. Figures 5-8. Liotia
washingtoniana Squires & Goedert, sp. nov., holotype LACMIP
12339, CSUN loc. 1567. Figure 5: apertural view, X 14, height
5 mm. Figure 6: abapertural view, X 14, height 6 mm. Figure 7:
apical view, %15, diameter 2.5 mm. Figure 8: umbilical view,
x 14, diameter 2.5 mm. Figures 9-11. Cidarina antiqua Squires

& Goedert, sp. nov., holotype LACMIP 12340. Figure 9: ap-
ertural view, x5.6, height 7.1 mm. Figure 10: abapertual view,
x 5.6, height 7.1 mm. Figure 11: umbilical view, X5.6, width 7
mm. Figures 12-15. Solariella (Solariella) garrardensis Squires
& Goedert, sp. nov. Figure 12: holotype LACMIP 12343, x5.3,
height 6.2 mm. Figures 13-14: paratype LACMIP 12344. Figure
13: abapertural view, X6.9, height 4.4 mm. Figure 14: apical
view, X 6.9, width 5.3 mm. Figure 15: holotype LACMIP 12343,
umbilical view, x5, width 7.4 mm. Figures 16-18. Pterynotus
(Pterynotus) washingtonicus Squires & Goedert, sp. nov., Figures
16-17: holotype LACMIP 12351. Figure 16: apertural view,
% 3.2, height 17.5 mm. Figure 17: abapertural view, X 3.3, height
17.5 mm. Figure 18: paratype LACMIP 12352, apertural view,
% 6.8, height 18.8 mm.
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Discussion: Only two specimens were found; one is very
poorly preserved.

There are two living species of Liotia, one from Cali-
fornia and northern Baja California, and one from north-
ern Chile. The new species is most similar to the living
species L. fenestrata Carpenter, 1864, which has been il-
lustrated by Palmer (1958:pl. 19, figs. 10, 11), McLean
(1978:fig. 7), and Hickman & McLean (1990:fig. 8c).
Liotia fenestrata, which is known from Monterey Bay, Cal-
ifornia, to San Martin Island, northern Baja California
(Palmer, 1958), is also known as a rare fossil in the lower
Pleistocene Lomita Marl of southern California (Wood-
ring et al., 1946). The new species differs from L. fenestrata
by having weaker cancellate sculpture and more closely
spaced ribs.

The only other known fossil species of this genus is L.
weavert Effinger (1938:374-375, pl. 46, figs. 15, 21; Weav-
er, 1942 [1943]:pl. 63, figs. 13, 18) from the “Gries Ranch
beds” of southwestern Washington. Lindberg (1988) as-
signed these beds to the upper Eocene part of the Lincoln
Creek Formation. The new species differs from L. weaver:
by having a spire that is not flattened, less prominent ribs,
equal-strength ribs, 21 rather than 16 axial ribs, much
narrower umbilicus, and aperture circular in outline rather
than subhexagonal.

Previously, the geologic range of genus Liotia was late
Eocene to Recent, but the discovery of the new species
changes this range to early middle Eocene to Recent.

Etymology: The species is named for the state of Wash-
ington.

Family TROCHIDAE Rafinesque, 1815
Subfamily EucYCLINAE Koken, 1897
Genus Cidarina Dall, 1909

Type species: Margarita cidaris A. Adams in Carpenter,
1864, by original designation, Pleistocene to Recent, living
in Alaska to northern Baja California, Mexico.

Cidarina antiqua Squires & Goedert, sp. nov.
(Figures 9-11)

Diagnosis: A small-shelled species of Cidarina with a sharp
medial angulation on body whorl and equal strength, close-
ly spaced spiral ribs on spire.

Description: Shell small, five to six whorls. Suture im-
pressed, channeled. Spire elevated, spire whorls flattened.
Body whorl overall rounded but with a medial angulation.
Surface covered by nodose spiral ribs: three on upper spire
whorls, three to five on penultimate whorl and posterior
half of body whorl, and seven on base of body whorl.
Strongest spiral rib on angle on body whorl. Spirals on
base of body whorl weaker than the others and nodes more
beadlike. Upper spire whorls with cancellate ornamen-
tation. Remaining whorls, especially base of body whorl,

with prominent prosocline growth lines. Aperture circular.
Outer lip thin. Inner lip and columella with a callus that
closes the umbilicus. Shell interior nacreous.

Dimensions of holotype: Height 7.1 mm, width 7.0 mm.
Holotype: LACMIP 12340.

Type locality: CSUN loc. 1570, latitude 46°45'52"N, lon-
gitude 123°19'00"W.

Paratypes: LACMIP 12341 and 12342.

Discussion: Eleven specimens of the new species were
found, and almost all are from CSUN loc. 1570. They
range in height from 2.5 to 10 mm. Seven of the specimens
are complete, and only the largest specimen is abraded. A
single specimen was found at CSUN loc. 1569.

Previously, Cidarina was known to be a monotypic genus
represented by the extant C. cidaris. Cidarina cidaris, which
is known from Kasaidn Bay, Alaska to Cape San Quintin,
northern Baja California (Dall, 1909), has a geologic range
extending back to the early Pleistocene. Most of the Pleis-
tocene records are in southern California, but one is known
for the Pleistocene of Monterey Bay, central California,
and one is known for the Pleistocene of northern Baja
California (Arnold, 1903; Grant & Gale, 1931; Woodring
et al., 1946; Powell, 1994). Arnold’s (1903) so-called Plio-
cene specimens are early Pleistocene in age (Woodring et
al., 1946). Dall (1909) reported C. cidaris from “deep
waters” but gave no depth range. Hickman & McLean
(1990:fig. 44G) illustrated a specimen collected at a depth
of 27 m off Santa Catalina Island, southern California.
The new species is similar but differs from C. cidaris by
smaller size, sharper medial angulation on the body whorl,
uniform strength of spiral ribs posterior to the medial
angulation rather than alternating weak and strong ribs,
and more closely spaced spiral ribs on the spire.

The new species is the first reported Paleogene species
of Cidarina and the earliest record of this genus.

Etymology: The specific name is derived from antiquus,
Latin, meaning old or ancient.

Subfamily SOLARIELLINAE Powell, 1951
Genus Solariella Wood, 1842
Type species: Solariella maculata Wood, 1842, by mono-
typy, Pliocene, England.
Subgenus Solariella s.s.

Solariella (Solariella) garrardensis
Squires & Goedert, sp. nov.

(Figures 12-15)

Diagnosis: A species of Solariella (Solariella) with tabulate
whorls, bicarinate spire whorls, tricarinate body whorl,
whorls covered by numerous very fine spiral ribs, cancel-
late upper spire whorls, and smoothish body whorl base.
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Description: Small, up to 10 mm high, six to seven convex
whorls. Suture distinct. Spire elevated, about one-half of
shell. Body whorl moderately expanding. Protoconch
smooth. Spire whorls and body whorl bicarinate with tab-
ulate shoulder and medial angulation. On shells larger
than about 8 mm height, medial angulation obsolete. Base
of body also delineated by an angulation. Upper spire
whorls cancellate, with axial ribs continuing across tab-
ulate shoulder to suture. Remaining portion of spire and
body whorl covered only with numerous, closely spaced,
very fine spiral ribs. Spiral ribs obsolete to nearly obsolete
on nearly smooth base of whorl. Growth lines prosocline.
Unmbilicus moderately wide and deep, umbilical shoulder
delineated by a low row of numerous nodes. Interior of
umbilicus smooth. Aperture quadrate, discontinuous. Shell
interior nacreous.

Dimensions of holotype: Height 6.2 mm, width 7.4 mm.
Holotype: LACMIP 12343.

Type locality: CSUN loc. 1570, latitude 46°45'52"N, lon-
gitude 123°19'00"W.

Paratypes: LACMIP 12344 to 12350.

Discussion: Fifty-three specimens were found at CSUN
loc. 1570, and three were found at CSUN loc. 1567. They
are mostly complete and unabraded. At CSUN loc. 1570
they range in height from 2 to 7 mm and form a partial
growth series.

The new species is similar to Solariella olequahensis
Weaver & Palmer (1922:27-28, pl. 12, figs. 10, 12; Weav-
er, 1942 [1943]:293, pl. 64, figs. 6, 9) from the upper
middle Eocene Cowlitz Formation, southwestern Wash-
ington. The new species differs in the following features:
larger (up to 7 mm height rather than only 4 mm), whorls
more tabulate, spiral ribs finer and not beaded or scalelike,
spiral ribs much more numerous on body whorl, body
whorl tricarinate rather than bicarinate, body whorl base
not as sharply angulate, and spiral ribs on body whorl
base tend to be obsolete.

There are only two other known species of Eocene So-
lariella from the Pacific Northwest. One is S. crescentensis
Weaver & Palmer (1922:28-29, pl. 12, fig. 11; Weaver,
1942 [1943]:293-294, pl. 63, fig. 27) from the upper Cres-
cent Formation on the north side of the Olympic Peninsula,
Washington. The new species differs by not having well-
defined beaded spiral ribs on the base of the body whorl.
The other known species is S. cicca Hickman (1980:21-
22, pl. 2, figs. 13, 14) from the upper Eocene Keasey
Formation, northwestern Oregon, and in coeval strata on
the Willapa River at Holcomb, Washington. The new
species differs by having a lower spire, a wider umbilicus,
a more pronounced and flatter spire, fewer and weaker
spiral ribs on the body whorl, and no faintly cancellate
pattern on the body whorl.

There are six other known species of Solariella from the
Paleogene of the west coast of North America, and these

species are listed in Keen & Bentson (1944). Two of these
species are Paleocene in age, and the others are Eocene.
The one that is most similar to the new species is S. Aar-
tleyensis Clark & Woodford (1927:122-123, pl. 22, fig.
12) from lowermost Eocene (‘“Meganos Stage”) strata near
San Francisco, northern California. Although the apex of
S. hartleyensis is not known, the new species differs by
more tabulate body whorls, no sutural collar, more spiral
ribs, no alternating strength of spiral ribs, and a more
convex base.

Etymology: The new species is named for Garrard Creek,
which is just east of the type locality.

Family MURICIDAE Rafinesque, 1815
Subfamily MURICINAE Rafinesque, 1815
Genus Pterynotus Swainson, 1833

Type species: Murex pinnatus Swainson, 1822, by sub-
sequent designation, Swainson, 1833, Recent, western Pa-
cific and eastern Indian Ocean.

Subgenus Pterynotus s.s.

Pterynotus (Pterynotus) washingtonicus
Squires & Goedert, sp. nov.

(Figures 16-18)

Diagnosis: A Pterynotus s.s. with prominent spiral ribs,
one intervarical noded axial rib, and very weak denticles
on the outer lip.

Description: Small shell, about six convex whorls. Suture
distinct. Fusiform with a moderately high spire. Proto-
conch and uppermost spire missing. Shell bears three wing-
like varices, each extending along siphonal canal to upper
spire and, presumably, to apex. Each wing broadest in its
shoulder portion. Wings continuous but undulating, with
each recurved and overlapping in its uppermost portion to
the corresponding varical wing of the preceding whorl.
Other axial sculpture consists of a low ridge, nodose at
shoulder, in each intervarical space. Spiral sculpture con-
sists of about 20 spiral cords, more closely spaced and finer
near the suture. Ornament of spiral cords continues onto
both sides of the wings, with the spiral cords on the leading
sides (apertural sides) of wings, especially at broadest points,
weaker or even obsolete. Aperture narrow, outer lip erect
and very faintly dentate with at least six denticles. Inner
lip callused and smooth. Siphonal canal open. Growth lines
well developed near suture and more strongly prosocline
than elsewhere.

Dimensions of holotype: Height 17.5 mm, width 10.0
mm.

Holotype: LACMIP 12351.

Type locality: CSUN loc. 1570, latitude 46°45'52"N, lon-
gitude 123°19'00"W.
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Paratype: LACMIP 12352,

Discussion: Only two specimens were found, and both are
from CSUN loc. 1570. They range in height from 17.5 to
18.6 mm. Preservation is moderately good, but the up-
permost spire and anteriormost portions of the shell are
missing, as well as portions of the delicate varical wings.
Only the paratype shows the outer lip, but the anterior
part is missing. The portion of the outer lip that is present
has very low denticles that do not photograph well.

The new species is assigned to Pterynotus s.s. because
of the following: three varices that project beyond the var-
ical rib into a flange or winglike blade, ovate aperture,
open siphonal canal, spiral ornamentation on the varical
wings, and dentate outer lip. Muricine taxa with trivar-
icate winged shells that, on teleoconch characters, closely
resemble Pterynotus s.s. are Purpurellus Jousseaume, 1880,
Pteropurpura Jousseaume, 1880, and Pterochelus Jous-
seaume, 1880. Purpurellus is distinguished by a round
aperture and a sealed siphonal canal with the left margin
overlapping the right. Pteropurpura is distinguished by a
round aperture and a fused siphonal canal (or at least the
posterior two-thirds). Pterochelus is distinguished by hav-
ing a varical wing that ends at the shoulder in a spine
with a well-developed median channel.

The new species is very similar to Pterynotus (Ptery-
notus) flemingi Beu (1967:102, pl. 1, fig 9; 1970:138-141,
pl. 2, figs. 16-17, 19-26) from the late Pliocene to Recent
in New Zealand. This New Zealand species was originally
deemed by Beu (1967) to be a subspecies of P. (P.) laetifica
and assignable to genus Pterynotus s.s. Although Beu (1970)
reassigned the subspecies to genus Pteropurpura, Beu &
Maxwell (1990) put laetifica and fleminigi back in genus
Pterynotus s.s. and elevated flemingi to the species level.
Pterynotus (Pterynotus) washingtonicus differs from Pter-
ynotus (Pterynotus) flemingi in the following features:
smaller shell, narrower spire, narrower aperture, weaker
denticles on outer lip, and no tendency for outer lip to be
scaly. That the new species is very similar to the living P.
(P.) flemingi is not surprising because Pterynotus is a very
conservative group, and there has been little morphological
change in this line since the Paleocene (Vokes, 1970, 1971a).
Harasewych & Jensen (1979) also reported very close
similarity between a Paleocene species and a Recent species
of Pterynotus s.s.

The new species is similar to Murex trigonus Roualt
(1850:493, pl. 17, figs. 17-17a) from the lower Eocene
(Ypresian Stage) near Pau in southern France. Roualt’s
species is preoccupied by Murex trigonus Gmelin, 1791.
The new species differs in the following features: presence
of an axial ridge in each intervarical space, absence of
cancellate sculpture, much weaker denticles on the outer
lip, and varices not scaly.

The new species resembles Pterynotus crenulatus (Rod-
ing, 1798) from the middle and upper Eocene (Lutetian
and Bartonian Stages) of the Anglo-Paris Basin, France.
Wrigley (1930), Vokes (1971b, 1992), and Le Renard

(1992) have given discussions or comments regarding the
rather involved nomenclatural history of P. crenulatus. 11-
lustrations of P. crenulatus, under the name of Murex tri-
carinatus Lamarck, 1803, are given in Palmer (1977:pl. 4,
figs. 7a, 7b) and in Cossman & Pissarro (1910-1913:pl.
35, fig. 169-5). The new species differs from P. crenulatus
in the following features: intervarical spiral sculpture more
pronounced, 20 rather than about nine spiral cords, no
hint of a channel in the posterior portion of the winged
varix on the outer lip, and much weaker denticles on the
outer lip.

The new species also resembles Pterynotus (Pterynotus)
sabinola (Palmer, 1937:266, pl. 36, figs. 7, 11, 12; Vokes,
1970:9-10, pl. 1, figs. 2a, 2b; Vokes, 1992:9, pl. 1, fig. 5)
from the middle Eocene of Texas and Louisiana. The new
species differs in the following features: more flared var-
ices, spiral sculpture much stronger, 20 rather than five
to seven spiral cords, intervarical axial rib stronger, weaker
denticles on the outer lip, and an absence of a projecting
inner lip.

Pterynotus has only been reported once before from the
Paleogene of the Pacific coast of North America. Givens
(1974:82) reported three poorly preserved specimens of
Pterynotus n. sp. from the Turritella uvasana applinae fauna
(“Domengine Stage”) of the Juncal Formation, Pine
Mountain area, Ventura County, southern California. The
new species differs in the following features: a single in-
tervarical axial rib rather than three and stronger and
more closely spaced spiral ribs.

A poorly preserved specimen of Pterynotus sp. indet. was
found recently by the senior author while examining the
LACMIP collection of mollusks from the “Stewart bed”
in the Llajas Formation, north side of Simi Valley, Ventura
County, southern California. Squires (1984) assigned the
“Stewart bed” to the middle Eocene (““Domengine Stage”).

Turner (1938) reported the trivaricate muricid Murex
(Alipurpura) coosensis Turner (1938:80, pl. 15, fig. 25;
Weaver, 1942 [1943]:454-455, pl. 88, fig. 19) from the
so-called lower and upper Umpqua of southwestern Or-
egon. Squires (1984) considered the “lower Umpqua” to
correspond to the middle lower Eocene (“Capay Stage”)
Roseburg Formation and the “upper Umpqua” to cor-
respond to the middle lower Eocene (“Capay Stage”)
Lookinglass Formation and the upper lower to lower mid-
dle Eocene (“Domengine Stage”) Flournoy Formation.
The new species differs from M. (A.) coosensis in the fol-
lowing features: three varices on all whorls rather than
only on the body whorl and penultimate whorl, winglike
varices rather than just thick swellings, and early whorls
without seven axial ribs. Although the holotype of M. (4.)
coosensis is very poorly preserved, examination revealed
that it may be a cymatiid.

Another reported trivaricate muricid from the Eocene
of the Pacific coast of North America is Murex packard:
Dickerson (1915:69, pl. 9, figs. 6a-6b; Weaver, 1942 [1943]:
455, pl. 88, figs. 17-18) from the upper middle Eocene
Cowlitz Formation, southwestern Washington. The new
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species differs in the following features: varices more wing-
like (especially on outer lip), varices not ruffled, only one
rather than two nodose intervarical axial ribs, and spiral
ribs weaker and more closely spaced.

The genus Pterynotus is one of the most ancient muricine
lineages and dates back to at least the Paleocene in Ala-
bama (Vokes, 1964, 1970). During Eocene time, the Pter-
ynotus group dominated the muricine world, especially in
the warm, shallow seas of the Anglo-Paris Basin (Vokes,
1970). Although Pterynotus was widely distributed during
the Eocene (Harasewych & Jensen, 1979; Beu & Max-
well, 1990), modern species are restricted to subtropical
and tropical regions, usually in moderately deep waters.

The new species is only the second species of Pterynotus
s.s., including the fossil and Recent record, known from
the Pacific coast of North America. No species of Pterynotus
s.s. occurs in the Panamic province today (Keen, 1971).

Etymology: The new species is named for the state of
Washington.
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LOCALITIES CITED

CSUN 1211. At elevation of 2200 ft. (670 m) on power-
line road adjacent to power tower number 395 on E side
of mouth of Grapevine Canyon, 2484 m (8150 ft.) N38°W
of radio relay station on Grapevine Peak, U.S. Geological
Survey, 7.5-minute, Grapevine Quadrangle, 1958 (pho-
torevised 1974), Kern County, California. Liveoak Shale
Member of the Tejon Formation. Age: Middle early Eo-
cene (“Capay Stage”). Collector: R. L. Squires, 1988.

CSUN 1567, 1569, 1570. Localities are about 2 m apart,
in ascending stratigraphic order, in a 17-m-thick section
of sedimentary rocks interbedded with a basalt unit in
quarry at E end of bluff overlooking W side of Garrard
Creek, latitude 46°45'52"N, longitude 123°19'00"W, 46 m
(150 ft.) N and 518 m (1700 ft.) W of SE corner of section
21, T. 15N, R. 5 W, U.S. Geological Survey, 7.5-minute,
Cedarville Quadrangle, 1986, extreme NW corner of Lew-
is County, Washington. Transition zone of interbedded
volcanic and sedimentary rocks between the upper Cres-
cent Formation and the overlying lower member of Mc-
Intosh Formation (as used in the emended sense of Pease
& Hoover, 1957). Age: Middle Eocene. Collectors: J. L.
& G. H. Goedert, 1993-1994.
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